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The successful application of fluorescein-labelled antibody in localizing an- 
tigenic materials in animal tissues (2-10) has added a new tool to histological 
studies. This technic has a  special advantage in studying viral infections like 
influenza in which no characteristic cytological changes such as inclusion bodies 
are produced by the virus.  This paper reports observations on  the  changes 
in the cells of the respiratory tract as correlated with the manifest disease in 
ferrets inoculated with influenza virus, both types A and B, intranasally. The 
appearance of specific influenza viral antigens in  the nucleus and  cytoplasm 
of the ciliated columnar epithelial cells covering the nasal turbinates preceded 
necrosis  and  desquamation.  Fluorescent  cells  containing  specific  influenzal 
antigens were also found in nasal  smears of infected ferrets, a  finding which 
appeared to offer a new method for the rapid diagnosis of influenza infection. 
When influenza virus from human nasal  secretions was first isolated  in ferrets in 
1933 by Smith, Andrewes, and Laidlaw (11), it was noted that inflammatory changes 
and derangement of the ciliated epithelial cells covering the nasal turbinates were the 
prominent pathological  features. The virus was found only in the nasal  washings or 
emulsions  of the nasal  turbinates of infected ferrets. In  1938, Francis and Stuart- 
Harris studied in detail the histological changes in the nose of ferrets infected with 
influenza A virus (12). They found that during the acute stage of infection, about 48 
hours after inoculation  of the virus, the respiratory epithelium of the nasal  mucous 
membrane underwent necrosis with complete desquamation of the ciliated  columnar 
cells, leaving the turbinate covered only by the thin basement membrane. The sub- 
mucosa was  edematous and  infiltrated with inflammatory cells, and  there was  an 
abundant exudate, chiefly polymorphonuclear in type, in the air passages. Repair of 
* This work was done under the sponsorship of the Commission  on Immunization, Armed 
Forces Epidemiological Board, and was supported by the Office of the Surgeon General, 
Department of the United States Army. 
$ A preliminary report was read at the annual meeting of the American Association of 
Immunologists, April 14, 1954, (1). 
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the nasal mucosa began on the 4th day after infection. From the 6th to the 14th day, 
it was covered successively by transitional, stratified squamous, and finally stratified 
columnar  epithelium.  About  1  month  after  infection,  the  nasal  mucosa  had  been 
restored to normal. Perrin and Oliphant in 1940 (13) repeated similar experiments in 
ferrets,  but  extended  the pathological  studies  to  other organs.  Lesions were  found 
only in the nose and lungs. No lesions which could be definitely attributed to the in- 
fluenza virus  were  seen  in  the  mediastinal  lymph  nodes,  heart,  liver,  kidneys, or 
adrenals. 
Materials and Methods 
Viruses.--The  Farrington (Far.) strain of influenza A virus was isolated in Boston by Dr. 
Maxwell Finland in 1941.  It had been passed in chick embryos for only a  few times since 
its isolation from ferrets (14). From the study in this laboratory, this strain of virus is anti- 
genically related to the PR8 strain but different from the Fmt strain. When undiluted allantoic 
fluid containing this virus was inoculated into a  ferret intranasally, very little pneumonia 
was produced. A  20 per cent suspension in buffered saline was made from the lung of this 
ferret. This was used as the stock  virus for inoculation to ferrets in experiments reported 
here. The lung suspension had an EID60 of  10  -4"° calculated I  according to the  method of 
Reed and Muench (15). 
One PR8 strain used was that maintained in this laboratory by allantoic passage in chick 
embryos for many years.  Before use in  these experiments, the virus was put through ten 
serial passages  in  mice.  The  tenth  mouse  lung passage  material  produced  pneumonia  in 
mice at a  dilution of 10  -s and 10  -3. A 20 per cent mouse lung suspension was used to inocu- 
late ferrets,  e A second strain of PR8 virus was obtained through the courtesy of Dr. Thomas 
E. Van Meter, Jr., of St. Louis University. This PR8 virus had been adapted to ferrets and 
produced  extensive pneumonia  in  this species.  The  virus from  infected  ferret  lungs was 
grown in chick embryos and undiluted infected allantoic fluid was used as inoculum to ferrets. 
The Fro1 strain was  obtained from the Massachusetts State Public Health Laboratory  3 
which received it originally from Dr. Thomas MagiU. It had been maintained in chick embryos 
by allantoic passage. Undiluted aliantoic fluid virus with an EID60 of 10  -~'3 produced good 
obvious infection in ferrets. No animal passage of this virus was required. 
Two passage lines of the Lee strain of type B influenza virus were used. The first line was 
egg-adapted with an EIDso of 10  -3"5. The second llne was derived from the above after nine 
serial passages in mouse lungs. The mouse lung suspension from the ninth passage had too 
low a  virus titer to produce infection consistently in ferrets. Therefore the virus from the 
ninth mouse lung passage was grown in the allautoic sac of chick embryos.  Undiluted al- 
lantoic fluid with an EIDs0 of 10  -U was used as inocnium. 
All stock viruses, either as allantoic fluid or as lung suspensions, were sealed in glass tube~ 
and stored in a dry ice box at --70°C. 
F~rrets.--Adult ferrets between 4  and  15  months old  were  obtained from  Mr.  George 
Wirtz of Cologne, Minnesota. Both sexes of the Fitch and English strains were used and no 
appreciable difference in response to  influenza infection was  observed among them.  After 
arrival of ferrets in our laboratory, they were kept in an animal room isolated from contact 
with influenza and canine distemper viruses. The ferrets were kept under observation for at 
least 10 days in isolation before being used for experiments. 
Inoculation and Ti~a1~on of Virus,--Under  ether anesthesia, ferrets were inoculated with 
1 All viral titratious were expressed as EIDs0 doses per 0.1 ml. suspension. 
Courtesy of Dr. Barbara K. Watson. 
3 Courtesy of Mrs. Joan B. Daniels. c~'mN  T.ro  667 
1 ml. of viral suspensions intranasaliy. For titration, infected tissues such as the nasal turbi- 
nate or the lung were ground in a  glass tissue grinder. Serial tenfold dilutions were made in 
0.85 per cent saline buffered with 0.01 ~  phosphate at pH 7.0; 1000 units of penicillin and 500 
/~g. of streptomycin per ml. were added. Infectivity titrations of these tissues were done in 
10-  and  11-day-old  chick embryos by  inoculating 0.1  ml.  into allantoic sac.  Four  or  five 
eggs were used for each dilution and the eggs were incubated at 35°C. for 48 hours. The pres- 
ence of virus in the chick embryos was detected by hemaggiutination with chicken red blood 
cells. 
Nasal Washing.--At intervals after the ferrets were inoculated with influenza virus intra- 
nasally, nasal washing was done by injecting 0.85 per cent saline into the nose with a  capil- 
lary pipette. The washing fluid was then collected in a Petri dish and subsequently centrifuged 
at  2,000  g.p.v¢, for about  10 minutes. The excess supernatant fluid was discarded and the 
concentrated cell sediment was spread over an area about  1~.~ em. in diameter on a  glass 
slide. 
Sectioning and Staining.--Unfixed frozen sections 4  to 6 ~  thick were cut in a  cryostat 
according to the method of Linderstrem-Lang and Mogensen (16) and as cited in reference 5. 
These sections were then fixed in acetone for 10 minutes, dried in a 37°C. oven for 20 minutes 
and  stained  with  fluorescein-labelled antibody  for  30  minutes.  After  staining,  the  slides 
were washed with buffered saline for 10 minutes and mounted under coverslips using buffered 
glycerol (pH 7.0)  as mounting fluid. The specificity of the staining was established By (a) no 
yellow-green fluorescence seen in -n~ufected tissue sections treated  in similar manner,  (b) 
inhibition of the fluorescent staining by homologous unlabelled immune serum. 
Some of the duplicate tissues obtained at autopsy of the animals were fixed in 10 per cent 
formalin or Zenker's solution with 5  per cent acetic acid,  imbedded in paraffin, sectioned, 
and stained with hematoxylin and eosin. Occasionally fresh frozen sections or sections, after 
being studied under the fluorescence microscope, were fixed  in Bouin's solution and stained 
with hematoxylin and eosin for comparison. 
Sacrifice and Collection of Auimal Specimens.--At selected  intervals during  the  experi- 
ments, ferrets were killed by injection of 300 to 500 rag. of pentobarbital sodium  (Abbott) 
intraperitoncally. In all cases, the anterior nasal turbinate, and small pieces of the trachea 
and lung were taken out. In some ferrets, additional tissues such as the cervical and medi- 
astinal lymph nodes, spleen, liver, pancreas,  and adrenal gland were also removed. These 
tissues were placed against the wall of a  test tube and quickly frozen by plunging the tube 
into a  freezing mixture of dry ice and alcohol. They were then stored in a  deep freeze at 
--20°C. until use. 
PreparaHon of Fluorescein-Labelled AnHsera.--Immune sera were prepared in rabbits by 
the  intravenous injection of  5  ml.  of  undiluted  allantoic fluid  containing influenza virus. 
One week later, a similar dose was injected intraperitoneaily. The rabbits were bled from the 
heart I week after the second injection. Only sera with a hemaggiutination-inhibition  antibody 
titer of 1/640 to 1/1280 or higher were used for conjugation. The globulin fraction was precipi- 
tated  from the sera by half-saturation with ammonium sulfate and then conjugated with 
fluorescein isocyanate according to the method described by Coons and Kaplan (17). Before 
use as a histoehemical stain on tissue sections, the fluorescein-labelled antibody was absorbed 
twice with ferret liver powder. 
EXPERIMENTAL 
Infection of Ferrets with Influenza A  Viruses 
Three  strains of influenza A  virus, namely PR8,  Fro1,  and Farrington,  were 
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with  the strain  of virus used,  the histological changes were similar.  For the 
Farrington and  our laboratory strain  of PR8 viruses,  the incubation period 
was  usually  3  days  after intranasal  inoculation.  Fever and  coryza,  but  no 
appreciable pneumonia, were seen. For the Fml and the ferret-adapted strain 
of PR8 viruses, the incubation period was less than 24 hours. The fever and 
coryza were more prominent and extensive pneumonia was present. 
TABLE  I 
Farrington Influenza A  Virus Infection in Ferrds 
Time af- 
Ferret No.  ter inoc-  Tempera-  Nasal smears 
ulation  ture 
V 2-91 
V 2-92 
V 2-93 
V 2-82 
V 2-94 
days  °F. 
1  102.0  nd§ 
102.4  nd 
102.2  " 
102.4  nd 
101.4  " 
101.8  " 
102.0  0 
102.4  0 
105.o  +++¶ 
102.2  0 
100.6 
104.6  +q-q- 
102.6  q-q- 
Nasal turbinate sections 
F.A.*  H.E.* 
o  o 
II  II 
+  o 
+++  + 
+++  +++ 
+++  +++ 
Virus titratlons 
N.T. $  Lung 
log EID~o  log glDeo 
<2.5  <1.5 
4,4  <1.5 
5.5  <2.5 
5.3  <2.5 
5.5  <1.5 
* F.A., fluorescent antibody staining; H.E., hematoxylin and eosin staining. 
Nasal turbinate. 
§ rid, no data. 
[[ Degree of histological changes. +-bq-, involvement of entire epithelium; -b-b, involve- 
ment of more than half of epithelium; q-, involvement of portion of epithelium; 0, normal. 
¶  No.  of  fluorescent cells in smears:  +q--b,  numerous;  ++,  moderate;  q-,  few;  -4-, 
doubtful. 
Infected ferrets were sacrificed at intervals after inoculation of the virus. 
Frozen sections of various organs were stained with fluorescein-labelled anti- 
body. No fluorescent ceils were seen in the cervical lymph nodes, spleen, pan- 
creas, liver, or adrenals. The histological changes were confined to the nasal 
turbinates and the lungs. 
Histological  Studies  on Nasal  Turbinates.--The  following descriptions  were 
based on a  group of five ferrets infected with Farrington strain of virus  and 
sacrificed at daily intervals. The data are summarized in Table I. ca'm~r  LIU  669 
Day/.--Ferret V 2-91 had a  temperature of 102°F.  but was apparently well. Under the 
fluorescence microscope,  all  tissues  including the  cartilages of the  turbinates  were bluish 
from autofluorescence. The air passages were clear and no yellow-green fluorescence indicating 
antigen was seen in the epithelium. Hematoxylin and eosin staining showed that  the pseudo- 
stratified ciliated cohlmnar epithelial ceils covering the submucoss and  the  cartilages were 
normal. A minimal amount of acellular homogeneous exudate was present in the air passages. 
Day 2.--Ferret V 2-92 had a temperature of I02.2*F.  and appeared to be well. Fluorescent 
antibody staining revealed no fluorescent calls in the air passages.  The epithelium covering 
most parts of the turbinates was non-fluorescent. A portion of the continuous ciliated epi- 
thelium was brilliant yellow-green. The individual outline of the columnar cells was distinctly 
seen.  Fluorescence was found both in the nuclens and  cytoplasm of infected cells.  Under 
high power, small fluorescent areas were seen in the nuclei, many of which assumed a  net- 
work pattern. The cytoplasmic fluorescence was more homogeneous and had a ground glass 
appearance with its maximum intensity along the cillated border of the ceils. The yellow-green 
fluorescent cells stopped  at a  sharp  line. However, the continuity  of the epithelium could 
be seen by the blue autofluorescence of the uninfected cells.  The infection appeared  to be 
spreading from group to group of cells and had reached this point when the ferret was sacri- 
riced (Fig. 1). Hematoxylin and eosin staining showed that the ciliated epithelium was quite 
normal  in appearance.  There was  slight hyperemla.  A  small number  of erythrocytes was 
found in the submucosa but no inflammatory cells were seen (Fig. 2). 
Day 3.--Ferret V  2-93 had a  temperature of 101.8°F.  and was apparently well. All the 
columnar epithelial ceils in the turbinate were fluorescent by this time but no fluorescence 
was seen in the submucosa. The epithelial cells showed some degenerative changes with loss 
of their columnar shape. Some of the cells had desquamated. A minimal amount of exudate 
with fluorescent cells was seen in the air passages  (Fig. 3 and 4). In hematoxylin and eosin 
staining, the ciliated epithelial ceils began to show degeneration but most of the epithelium 
was still intact. The submucosa appeared edematous with a  few mononudear cells present. 
The exudate in the air passages contained only a few scattered mononuclear and polymorpho- 
nuclear cells. 
A  second ferret, V  2-82, was also sacrificed  on the 3rd day after inoculation. This ferret 
had a temperature of 105°F. and appeared very ill. The nasal turbinate sections showed that 
all the ciliated epithelial cells had desquamated, leaving the non-fluorescent basement mem- 
brane attached to the submucosa. A large amount of exudate containing numerous fluorescent 
cells was present in the air passages  (Fig. 5). Hematoxylln and eosin staining showed com- 
plete desquamafion of the ciliated columnar epithelium leaving only the basement membrane 
covering the submucosa  (Fig. 6). There was much exudate in the air passages consisting of 
many mononuclear cells. Some of these cells were macrophages but some, difllcult to identify, 
were probably necrotic desquamated epithelial cells. 
Day 4.--Ferret V  2-94 had a  temperature of 104.6°F.  the day prior to its sacrifice.  On 
the day of sacrifice,  the temperature was 102.6°F.  and  the ferret still appeared  somewhat 
inactive and  anorexic.  The histological changes  of the nasal  turbinate  sections were very 
similar to those described in V 2-82. However, in the section stained with hematoxylln and 
eosin, a  cluster of ciliated epithelial cells was seen among other cells in the exudate which 
confirmed  the  above  finding  that  some  of the  mononuclear  cells were probably  necrotic 
cillated epithelial cells (Fig. 7). 
Aside  from  the  histological  changes  described,  the  infectivity titrations  of 
viral content in the nasal turbinates  showed a  definite rise of virus titer as the 
infection progressed  (Table I).  The virus reached its maximum  titer of about 
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Three  additional ferrets were  inoculated  with  Farrington  virus,  four  with  PR8  virus, 
and four with Fro1 virus. All of them showed similar histological changes in the nasal turbi- 
nates as described.  Two  of  these ferrets were  sacrificed  during  their  convalescent  phase; 
one  was a  PRS-infected ferret sacrificed on the 9th day and one was a  Fml-infected ferret 
sacrificed on the 4th day after inoculation. In these two ferrets, the nasal turbinates were 
covered  by  stratified  squamous  epithelium  in  active  mitosis,  indicating  regeneration  as 
described by Francis and Stuart-Harris (12). No viral antigen was seen in the cells of the re- 
generating epithelium. 
Histological Studies  of Pneumonic  Lungs.--The  ferret-adapted  PR8  virus 
produced a  severe influenza infection. Two inoculated ferrets became very ill 
in less than 24 hours after inoculation. On autopsy, there was extensive pneu- 
monia in both lungs.  Frozen sections of the nasal  turbinates showed fluores- 
cence in the ciliated epithelium with desquamation. In the lungs,  many ceils 
in the bronchial epithelium showed cytoplasmic and nuclear fluorescence (Fig. 
8). Some of the bronchial epithelium had desquamated and the lumina of the 
bronchioles were filled with exudate and fluorescent cells.  In the alveoli, fluo- 
rescent macrophages were seen in the wall as well as in the lumen.  In contrast 
to  the  blue  autofluorescence of elastic  fibers,  these yellow-green  fluorescent 
cells containing viral antigen stood out very clearly. Both  the nasal turbinate 
and  the lung contained a  large amount of virus,  108-~ and  105'6 EIDs0  doses 
respectively. Frozen sections of the mediastinal lymph nodes from one ferret 
showed many fluorescent cells.  These fluorescent cells were scattered chiefly 
in the medullary cords and surrounded the lymphoid follices (Fig. 9). The fol- 
licles were devoid of such antigen-containing cells.  In the subcapsular sinus, a 
few fluorescent cells were also present. The size and the distribution of these 
fluorescent  ceils  suggested  that  they  were  probably  macrophages  and  not 
lymphocytes. 
Although all four ferrets inoculated with Fml virus obviously had a  severe 
influenza infection with an incubation period of less than 24 hours, only one 
of them showed  some  pneumonia  in  the  right  lung. Influenza  viral  antigen 
was found in  the bronchial epithelium as described above. 
Infection of Ferrets with Influenza B (Lee Strain)  Virus 
In these experiments, a comparison of the effect of egg-adapted and mouse- 
adapted Lee strain  of influenza B  virus was undertaken. When ferrets were 
inoculated with egg-adapted virus, except for a transient slight fever observed 
on the first 2 days after inoculation, they did not appear ill.  However, their 
nasal smears  contained a  moderate number of fluorescent cells.  On autopsy, 
both  ferrets showed  some pneumonia  in  their lungs.  Frozen sections of the 
nasal turbinate revealed no influenza antigen in the ciliated epithelial cells but 
some fluorescent macrophages were seen in the air passages. The lung sections 
taken  from pneumonic areas  showed  many fluorescent macrophages  in  the 
pulmonary interstitium  but  the  bronchial  epithelium  had  no  viral  antigen. cit'ml,,l  LIU  671 
Infectivity titrations of the nasal turbinates and the lungs showed that very 
little virus was present, indicating no multiplication (Table II). 
When mouse-adapted Lee B virus was inoculated intranasally into four fer- 
rets, only two (V 4-36 and V 4-37) showed a little fever, but all four of them had 
a  fair number of fluorescent cells in their nasal  smears. The  ferrets (V 4-36, 
V 4-37) sacrificed on the 1st and 2nd days after inoculation had viral antigen 
in the ciliated epithelium of their turbinates. However, the extent of the infected 
areas was much less than that seen in the influenza A infections. The fluorescent 
ciliated cells were scattered and not continuous, yet fluorescence was seen both 
in  the  cytoplasm and  the nucleus as described above  (Fig.  10).  The ferrets 
sacrificed on the 3rd and 4th days after inoculation showed only a few fluores- 
cent macrophages. No viral antigen was detected in the ciliated epithelial cells. 
TABLE II 
Egg-Adapted Lee Strain of Influenza B Infection in Ferrets* 
Ferret No.  Time after  inoculation  Temperature 
v 3-40 
v 3.43 
days 
1 
2 
Nasal 
smears 
°F. 
103.4  ++ 
103.4  ++ 
lO2.6  ++ 
lO4.4  + 
lO2.O  o 
Nasal turbinate 
sections 
F.A.  H.E. 
o  0 
o  0 
Virus titrations 
N.T.  Lung 
log EIDio  log EID~ 
<1.5  2.0 
<1.5  <0.5 
* See explanations in Table I. 
None of the ferrets developed pneumonia. Infectivity titration of the tissues 
showed a  considerable amount of virus in the nasal turbinate but not in the 
lungs,  a  finding consistent with the results of the histological studies  (Table 
III). 
The Rapid Diagnosis of Influenza Infection 
With  the above background of histological studies on nasal turbinates and 
the presence of specific viral antigens in the ciliated epithelium, it was obvious 
that a  rapid diagnostic method for influenza infection by the examination of 
nasal smears might be available. 
Study of Nasal Smears.--In normal ferrets, or in inoculated ferrets before the 
onset of fever, the nasal  smears contained mostly squamous epithelial cells; 
very few mononuclear or polymorphonuclear leucocytes were present. When 
smears were examined under the fluorescence microscope these cells contained 
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As the manifest signs of infection became apparent in the infected ferrets, 
there were many more cells present in nasal washings as shown by an increase 
in  the  turbidity.  These  were mainly mononuclear cells.  Polymorphonuclear 
leucocytes were present in clumps but did not predominate. Squamous epithelial 
cells were also present in small numbers, and occasionally a few bacteria were 
seen. 
When these smears were stained with fluorescein-labelled antibody, many 
of the mononuclear cells and  macrophages  showed  bright  yellow-green fluo- 
rescence.  The fluorescence was seen only in the cytoplasm of some cells, and 
TABLE HI 
Mouse-Adapted Lee Strain of Influenza B Infection in Fevret~* 
Ferret No.  Time after  Inoculation  Temperature 
V 4-36 
V 4-37 
V 4-20 
V 4-21 
days  OF. 
1  104.3 
1  101.9 
2  103.5 
1  100.9 
2  101.0 
3  101.6 
1  101.6 
2  101.5 
3  100.6 
4  100.6 
Nasal smears 
-t-q- 
0 
+++ 
++ 
+++ 
+++ 
+++ 
+++ 
+ 
++ 
Nasal turbinate 
sections 
F.A.  H.E, 
++  + 
+  + 
o  o 
o  o 
Virus titration 
N.T.  Lung 
log EIDu  log EIDIo 
4.1  2.5 
4.6  <1.5 
3.0  <1.5 
2.0  2.0 
* See explanations in Table I. 
only in the nuclei of others; but in many cells,  both the cytoplasm and the 
nucleus were fluorescent (Fig. 11). Under the fluorescence microscope, the dark 
background and the grayish blue autofluorescence of the "negative" cells made 
the yellow-green fluorescent cells stand out very clearly. The specificity of this 
histochemical staining was  established  by the  inhibition of this fluorescent 
staining with tmlabelled immune serum. 
Relation of Obvious Infection  to  the Presence  of Fluorescent  Cells.--As seen 
in Tables I  and IV,  the presence of fluorescent cells  in  the nasal washings 
closely parallelled the febrile period (103°F.  or higher) of the influenzal infec- 
tion.  Antigen-containing ceils  appeared  only, with  one  exception,  after  the 
onset of fever, and disappeared when the fever had subsided. This observation 
was confirmed in many other ferrets. The obvious simplicity and rapidity of CH'~N LIU  673 
detecting these cells offer a new method for diagnosis. In one instance, a ferret 
(V 4-52)  inoculated  with  PR8 virus developed  no  fever  or  other  apparent 
signs of infection, yet the nasal smears obtained on the 3rd, 4th, and 5th days 
after inoculation contained numerous fluorescent ceils.  A rise of hemagglutina- 
TABLE IV 
RelaHon of Fever to the Presence o/Fluorescent Cells in Nasal Smears of Ferrets Inoculated with 
Influensa A  Virus 
Ferret No. 
V 2-58 
(Far.) 
V 2-59 
(Far.) 
V 2-60 
(Far.) 
V 2-61 
(Far.) 
V 4.-52 
(PR8) 
Time after 
[noculafion 
days 
1 
Temperature 
°F. 
I01.4  0 
101.4  0 
102.4  0 
101.0  0 
104.2  ++~ 
104.6  q--I-q- 
102.0  0 
101.6  0 
105.4  +++ 
101.4  ± 
101.5  0 
101.9  -4- 
102.0  q-q-q- 
99.9 
100.4 
101.3 
100.4 
101.0 
Nasal Smears 
++++ 
+++ 
0 
0 
Virus titration 
N.M.*  Lung 
Log EIDeo  Log EID6o 
2.5  4.5 
4.5  0.5 
5.3  1.5 
5.5  4.5 
<1.5  <1.5§ 
* Nasal mucosa. 
:~ No.  of fluorescent cells in  smears:  q-q-q-, numerous;  q-q-,  moderate;  q-,  few; -t-, 
doubtful. 
§ Serum H.I. antibody titer against PR8 virus: preinoculation <~; on 9th day  >~st~u 
tion-inhibition antibody titer of more than 512-fold on the 9th postinoculation 
day indicated  that this animal had recovered from an influenza infection. 
DISCUSSION 
The descriptions of pathological changes in the nose of ferrets inoculated with 
influenza virus recorded by Francis and Stuart-Harris (12) and by Perrin and 674  INFLUENZA  VIRUS  INFECTION  IN  ~ERRETS.  I 
Oliphant (13) were based on the examination of paraffin sections. In the present 
study, a combination of paraffin sections, of fluorescein-labeUed  antibody stain- 
ing on frozen sections, and of virus titration of infected tissues was undertaken. 
Although the incubation period varied with different strains of virus inoculated, 
the data showed that the viral antigen was found in the ciliated respiratory cells 
together with an increase of virus infectivity titer in the nasal mucosa before 
necrosis  and  desquamation.  The  direct  visualization  of  specific influenzal 
antigens in infected cells during the incubation period by means of fluorescein- 
labelled antibody extends  our knowledge of this infection into its prodromal 
stages. Moreover, the fact that influenza viral antigens were found only in the 
ciliated respiratory cells clearly demonstrates the cytotropism of these viruses. 
The inoculation  of ferrets with an egg-adapted  Lee strain of influenza B 
virus failed to produce demonstrable infection in the nasal nucosa. The presence 
of fluorescent macrophages  probably indicates  phagocytosis  of the inoculated 
virus.  On the other hand, the mouse-adapted  virus invaded and, multiplied in 
the nasal epithelium. Similarly, both the egg-adapted Lee virus and the ferret- 
adapted  PR8  virus produced  pneumonia,  but  only the  latter showed  viral 
multiplication and presence of viral antigens in the bronchial  epithelium.  Al- 
though Sugg (18) has reported  that a mouse-adapted  strain of influenza virus 
possessed the capacity to multiply to a higher final concentration in the mouse 
lung than an egg-adapted  strain, it is interesting  to be able to see the actual 
increase of invasiveness of the virus in the ferret respiratory epithelium when it 
is adapted to a new host. 
The presence of macrophages containing influenza viral antigen in the medi- 
astinal lymph nodes is probably a result of lymph drainage from pneumonic 
areas of the lung. However,  the finding here and the recent demonstration of 
viremia in mice infected with influenza virus (19) indicate that influenza virus 
may not be solely confined to the respiratory organs, although previous workers 
(11, 13) have not been able to see pathological changes in non-respiratory tis- 
sues which  could  be  attributed  to  influenza infection.  Morphologically,  the 
epithelium  lining the trachea is similar to that lining the turbinate and bron- 
chus, and the virus must pass through the trachea before it can reach the lungs, 
yet no viral antigen could be found in the tracheal epithelium. 
The etiological diagnosis of influenza infection has been thus far dependent on 
the isolation of virus from the respiratory tract of infected animals or on sero- 
logical evidence of a rise of antibody titer during convalescence. Both of these 
methods require several days for completion. The presence in nasal smears of 
macrophages and desquamated ciliated epithelial cells which contain influenzal 
antigens demonstrated by  specific fluorescence would seem to offer  a new method 
for the rapid diagnosis of this infection. The performance of the test is relatively 
simple and it can be completed within a few hours after collection of the speci- 
mens. However, specifically fluorescent cells in nasal smears were usually found CH'mN Lm  675 
only during the febrile period. This is evidently due to the fact that the desqua- 
mation of nasal epithelial cells  apparently does not begin until the onset of 
fever. The reason for the failure to detect viral antigens in desquamated cells 
or macrophages after the subsidence of fever is not clear, since infectious virus 
was still present (see Table IV, V 2-61) in the nasal mucosa and many cells were 
found in the nasal smears. The rapid diagnosis of influenzal infection by the 
use of specific  fluorescein-labelled antibody on the cells  of nasal exudates is 
probably feasible provided the exudate is harvested at a  favorable time. Its 
practical application to human infections is currently under study. 
SUMM&Ry 
By means of fluoresceln-labelled antibody staining, specific  influenza viral 
antigens were seen in both the cytoplasm and the nucleus of infected ciliated 
epithelial cells covering the nasal turbinates of infected ferrets. Initially, only 
a small portion of the nasal epithelium showed fluorescence, and no appreciable 
abnormality of the cells could be detected by hematoxylin and eosin staining. 
The fluorescence soon spread  to  involve the  entire  epithelium,  followed by 
desquamation coinciding with  the onset of manifest illness.  Pneumonia was 
seen in some of the infected ferrets, and in them, viral antigens were found in 
the bronchial epithelium and in the mediastinal lymph nodes. A rise of viral 
infectivity titer paralleled  the  observed spread of viral antigens. 
Many desquamated nasal epithelial cells  and macrophages containing an- 
tigen were present in nasal smears.  The finding would seem to offer a method 
for the rapid specific diagnosis of influenza infection. 
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EXPLANATION OF PLATES 
All photomicrographs, except Figs. 2, 6,  and  7 were  taken under  the fuorescence 
microscope after the tissue sections or smears had  been  treated  with fluorescein-la- 
belled antibody solutions. The light areas represent the yellow-green fluorescence due 
to deposition of fluorescein-labelled antibody on the influenzal  antigens in situ. 
PLATE 46 
FIG.  1.  Section of a ferret nasal turbinate 2 days after Farrington strain of influ- 
enza A virus inoculation (V 2-92).  A portion of the ciliated columnar epithelial cells 
is fluorescent. The fluorescence is seen in the nuclei, the cytoplasm, and the ciliated 
border of the epithelial cells. The fluorescent cells stop at a sharp line,  above which 
is  the continuation of the non-infected epithelium  showing no yellow-green fluores- 
cence.  X  280. 
FIG. 2.  Paraffin section of the same turbinate stained with hematoxylin and eosin, 
showing the ciliated epithelial cells have essentially a normal appearance. There are 
some hyperemia and cellular infiltration in the submucosa.  X  500. 
FIG. 3.  Nasal turbinate  of a  ferret, 3 days after Farrington virus inoculation  (V 
2-93).  Epithelium covering all laminae of the turbinate is fluorescent.  X  140. 
FIG. 4.  Higher magnification of Fig. 3. Fluorescent cells have lost their columnar 
shape, but have not yet desquamated. Distinct fluorescence is seen both in the nuclei 
and the cytoplasm. X  560. 
FIG.  5.  Nasal  turbinate  of a  ferret,  3  days after  Farrington  infection  (V 2-82). 
There is complete desquamation of the ciliated epithelium. The basement membrane, 
submucosa, and cartilage show no antigen (the light area at lower left is due to the 
bluish autofluorescence of the cartilage).  Many fluorescent cells  are seen  in the air 
passages.  X  140. 
FIG. 6.  Paraffin section of the same turbinate as in Fig. 5. There is complete des- 
quamation  of the  ciliated  epithelium  leaving  the  basement  membrane  uncovered. 
Many mononuclear cells are seen in the exudate.  X  344. 
FIo. 7.  A  cluster of desquamated ciliated columnar cells found in the exudate in 
the air passages.  X  610. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  101  PLATE  46 
(Liu: Influenza virus infection in ferrets. I) PLATE 47 
FIG.  8.  Section of  a  bronchus from  a  ferret  infected with PR8  influenza virus. 
Bright granular fluorescence  is seen  in the nuclei; homogeneous fluorescence  is seen 
in  the  cytoplasm of  infected  bronchial epithelial cells.  The  very bright brick-like 
objects at the lower right sho.v the bluish autofluorescence of the connective tissues 
surrounding the bronchus. )< 550. 
FIG. 9.  Section of a mediastinal lymph node from ferret with PR8 influenzal pneu- 
monia. A few fluorescent cells are seen in the medullary area of the lymph node.  X 
560. 
FIG.  10.  Section of a  nasal turbinate from a  ferret infected with mouse-adapted 
Lee strain of influenza B virus (V 4-35). Several scattered ciliated columnar epithelial 
cells are fluorescent with non-fluorescent cells in between. X  280. 
FIG.  11.  Mononuclear cells  containing influenzal antigen in  nasal  smears  from 
ferrets infected with influenza virus. All magnifications are  X 560. 
(A)  Homogeneous fluorescence  in the  entire cytoplasm, nucleus non-fluorescent. 
(B) A large juxtanuclear fluorescent object in the cytoplasm. (C) Bright fluorescence 
in the nucleus with irregular fluorescent particles in the cytoplasm.  (D)  Nucleus is 
fluorescent, little or no fluorescence  in cytoplas n.  (E)  Both  the nucleus and cyto- 
plasm are fluorescent, a  halo of non-fluorescent area separating nucleus from cyto- 
plasm.  (F)  Both  nucleus and  cytoplasm  are  fluorescent;  the  nuclear fluorescence 
shows a network pattern. TttE  JOURNAL  OF  FXPERIMENTAL  sXlEDICINE  VOL.  101  PI,ATE  -1-7 
(Liu: Influenza virus infection in ferrets. I) 